significantly with change of S-TSA level during 3 years of follow-up. 4 Mortality from CHD is higher in the US than in Japan. 5, 6 Therefore one could expect the S-TSA to be higher among Caucasian US citizens compared to Japanese citizens, a hypothesis that is tested in this study, with correction for other possible markers of atherosclerosis risk.
SUBJECTS AND METHODS
Plasma and serum samples were drawn from two population-based samples of men and women aged 47-69 in 1990; 150 from Japanese living in the rural community of Akita, Japan, recruited from an ongoing population-based study and 150 from US Caucasians living in the several Minneapolis suburbs recruited for the Atherosclerosis Risk in Communities (ARIC) Study. Participants were asked to fast for at least 8 hours before blood sampling. People who had smoked cigarettes during the past 5 years; who had a history of diabetes mellitus, liver disease, CHD, or stroke; or who were taking anticoagulants were excluded. Data from this cohort have been used earlier to investigate CHD risk factors in Japanese and Caucasian populations. 7, 8 Blood lipids were measured using sera from Japanese participants at the Center for Adult Diseases, Osaka, and plasma from the Caucasians at the ARIC Central Lipid Laboratory at the Baylor College of Medicine, Houston. Sampling methods and the methods used to analyse total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides, fibrinogen, tissue plasminogen activator (t-PA) antigen, plasminogen activator inhibitor 1 (PAI-1) antigen, and body mass index, are given in earlier publications. 7, 9 Lp(a) levels were determined with an enzyme-linked immunoassay (ELISA). 10 Serum samples from both populations were stored frozen at Ϫ70 C°. In 1994, they were shipped on dry ice to Linköping, Sweden, for determination of S-TSA by a periodate-resorcinol method described by Jourdian.
11
The coefficient of variation (CV %) for the method is 5.6%. 3 Systolic and diastolic blood pressures were measured using a standard mercury sphygmomanometer with appropriate sized cuffs on the right arm of seated participants after a 5 minute rest.
Statistical Methods
The t-test was used to compare sex-specific mean values of continuous variables between Caucasians and Japanese. The significance of Spearman correlation coefficients was tested using the t-test. To examine the international difference in S-TSA after controlling for age, fibrinogen, triglyceride, and menopausal status, sex-specific analyses of covariance were conducted. All probability values for statistical tests were two-tailed.
RESULTS
The study included 75 Japanese and 75 Caucasian men, 67 Japanese and 69 Caucasian women. Eight Caucasian men and six Caucasian women were excluded from the study because their remaining serum sample volumes were insufficient for the sialic acid analyses. Characteristics of included subjects are given in Table 1 . Mean ages of the Japanese and Caucasian participants were similar. Body mass index, fibrinogen, PAI-I antigen, log Lp(a), total cholesterol and LDL-cholesterol levels were all significantly higher and systolic and diastolic blood pressures and fish intake was lower in Caucasian men and women compared to Japanese men and women. Figure 1 shows the distributions of S-TSA in Japanese and Caucasian men and women. The entire distributions were shifted to the right in Caucasians compared to Japanese. The mean ± standard deviation (SD) concentrations of S-TSA were 54.1 ± 5.3 mg/dl in Japanese men and 58.7 ± 5.6 mg/dl in Caucasian men (P Ͻ 0.001). In women, the concentrations were 54.8 ± 5.1 and 63.1 ± 6.0 mg/dl respectively (P Ͻ 0.001) S-TSA level correlated significantly and positively with fibrinogen level in Caucasian and Japanese men and women and with triglyceride levels in Caucasian and Japanese men and in Caucasian women but not in Japanese women ( Table 2 ). The positive correlation with PAI-1 antigen was significant in Caucasian women, with non-significant trends in the other three groups. S-TSA did not consistently correlate with t-PA antigen, LDL cholesterol, HDL cholesterol or Lp(a). After adjustment for age, systolic blood pressure, fibrinogen, triglycerides and in women also for menopausal status, the S-TSA level differences between Japanese and Caucasian men and women were 2.2 (P = 0.009) and 6.2 (P Ͻ 0.001) mg/dl respectively. These differences are equal to 0.4 and 1.1 SD respectively. Table 3 gives the mean values of S-TSA concentration, stratified by fibrinogen, triglycerides and menopausal status. Within each strata, S-TSA was significantly higher in Caucasian women than in Japanese women. In all six strata for men. the Caucasian estimates were consistently higher than the Japanese estimates, however, the difference was statistically significant only in two. 2  1  2  2  2  3  2  4  2  5  2  6  2  7  2  8  2  9  3 0 1 1  3  1  3  2  3  3  3  4  3  5  3  6  3  7  3 DISCUSSION This is the first study specifically aimed at comparing S-TSA levels in populations with different incidence rates of atherosclerotic diseases. S-TSA levels were on average 4.6 mg/dl (7.8%) lower in Japanese men and 8.3 mg/dl (13.2%) lower in Japanese women compared to Caucasian men and women. The S-TSA levels were still significantly higher in Caucasians after adjustment for major cardiovascular risk factors that were unequally distributed between the Japanese and the Caucasians.
SERUM SIALIC ACID IN JAPAN AND
The lower S-TSA concentration in these samples of Japanese versus Caucasians is in concordance with the lower CHD mortality56 and lower levels of other atherosclerosis risk markers such as fibrinogen and LDL cholesterol, and a higher level of HDL cholesterol observed in Japanese compared to Caucasian subjects. 7 However, the samples employed in this study were not national. They were drawn from two geographically defined areas and there is no information available on cardiovascular morbidity for the areas. This may limit the generalizability of the findings. However, because 60 2  1  2  2  2  3  2  4  2  5  2  6  2  7  2  8  2  9  3 0 1 1  3  1  3  2  3  3  3  4  3  5  3  6  3  7  3 2  1  2  2  2  3  2  4  2  5  2  6  2  7  2  8  2  9  3 0 1 1  3  1  3  2  3  3  3  4  3  5  3  6  3  7  3 the participants are non-smoking subjects from rural Japan and suburban Minneapolis, one may assume that the cardiovascular morbidity rates are below the national levels in both samples. Indeed, age-adjusted CHD mortality is lower in Minneapolis-Saint Paul than in the USA 12 and cardiovascular risk factors, i.e. blood pressure, serum total cholesterol, low density lipoprotein cholesterol and triglycerides have been reported to be lower in rural Japanese compared to urban Japanese. 13 Earlier studies have not addressed international differences in S-TSA levels, nor have they included information about race of participants. Nevertheless, studies performed in Japan report S-TSA levels in the range 50-58 mg/dl [14] [15] [16] while studies performed in Germany, 17 UK [18] [19] [20] [21] [22] and Sweden, 23 report S-TSA levels in the range 60-65 mg/dl in healthy subjects. Thus, these earlier data support the findings of the present study.
A major part of S-TSA concentration variability is dependent on the levels of sialic acid rich glycoproteins. In a Swedish population, orosomucoid, haptoglobin, and al-antitrypsin levels together explained 70% of S-TSA variability. 23 These three glycoproteins are often referred to as acute phase reactants. A chronic reaction, similar to the acute phase reaction, has been demonstrated in patients with atherosclerosis. 24 Thus, the S-TSA level may reflect the inflammatory response to the atherosclerotic process. The inflammatory response may also include elevated fibrinogen level. Indeed, the plasma fibrinogen level is a well-recognized cardiovascular risk marker 25, 26 and correlated positively with S-TSA in the present study. Further research is needed to explore which sources of sialic acid are responsible for the international difference in serum levels and the significance of their relations to atherosclerosis.
